Abstract. Claudins are the structures and functional components of tight junctions and have crucial roles in the maintenance of cell polarity, cellular arrangement, adhesion and paracellular transport. Various claudins are expressed in different epithelial cells and most tissues express multiple claudin proteins. The altered expression of claudins has been reported in various human carcinomas, but their expression in rectal well-differentiated endocrine neoplasms (carcinoid tumors), the most common endocrine tumors in the gastrointestinal tract, has yet to be examined. The expression of claudins-2, -3 and -4 in 16 rectal well-differentiated endocrine neoplasms was studied by immunohistochemical methods, and compared with their expression patterns in endocrine tumors of the pancreas and lung. According to previous reports, pancreatic endocrine tumors were positive for claudin-3 and negative for claudins-2 and -4, and a majority of lung carcinoid tumors showed no immunoreactivity to claudins-2, -3 and -4. However, our immunohistochemical study revealed that the rectal well-differentiated endocrine neoplasms showed diffuse positive immunoreactivity to claudins-2, -3 and -4. These results indicate that claudin expression depends on the site of origin of endocrine tumors. In addition, claudin-3 and -4 expression in rectal welldifferentiated endocrine neoplasms suggests the possibility of a new therapeutic strategy. Claudins-3 and -4 are receptors for the cytotoxic Clostridium perfringens enterotoxin. This enterotoxin rapidly and specifically lyses cells expressing claudins-3 and -4 and has a potential application in cancer therapeutics. Accordingly, this enterotoxin may be applicable for the treatment of rectal well-differentiated endocrine neoplasms in the future in order to prevent unexpected metastatic recurrences after tumor resections, because these neoplasms have a relatively high incidence of metastases despite their small size.
Introduction
Claudins have recently been identified as a 24-gene family of structures and functional components of the tight junctions (TJs) in the epithelial and endothelial cells (1, 2) . TJs have crucial roles in maintaining cell polarity, cellular arrangement, adhesion and paracellular transport (1, 2) . Various claudins are expressed in different epithelial cells and most tissues express multiple claudin proteins (1, 2) . This is thought to account for the variability of different tissue functions.
Claudins have become a prominent subject in cancer research. Alterations in the claudin expression are believed to play an important role in tumorigenesis and tumor progression. An altered expression of claudins has been shown for various human neoplasms, including colorectal, breast, ovarian, pancreatic, lung and prostate carcinomas (3) (4) (5) (6) (7) (8) (9) .
For example, claudins-3 and -4 are up-regulated in the large population of colorectal (3), breast carcinomas (4) and ovarian adenocarcinomas (5) . In the ductal adenocarcinomas of the pancreas, claudins-2 and -4 are up-regulated, but claudin-3 is not expressed (6) . A strong expression of claudins-3 and -4 has been detected in prostatic adenocarcinomas (7) , and the claudin-3 expression was correlated with advanced stage and recurrence, while that of claudin-4 was correlated with advanced stage (8) .
Although the claudin expression has been reported in the endocrine tumors of pancreas (6) and lung (9) , it has yet to be studied in rectal well-differentiated endocrine neoplasms (carcinoid tumors), which constitute the most common endocrine neoplasms in the gastrointestinal tract. This study aimed to clarify the expression and localization of claudins in normal colorectal mucosae and in rectal well-differentiated endocrine neoplasms. The difference and/or similarity of claudin expression between rectal well-differentiated endocrine neoplasms and endocrine tumors of the pancreas and lung are discussed. Additionally, information obtained on claudin localization offers a significant potential for therapeutic use.
Materials and methods

Tissue specimens of rectal well-differentiated endocrine neoplasms (carcinoid tumors).
Sixteen formalin-fixed, paraffin-embedded tissue specimens from consecutive rectal well-differentiated endocrine neoplasms (carcinoid tumors) were obtained from 16 patients in our hospital during [2004] [2005] [2006] [2007] . The median age of the patients (12 males and 4 females) was 50.2 years (range 26-81) ( Table I ). The specimens were re-evaluated by at least two pathologists according to the criteria described in the World Health Organization Classification of Tumors, Pathology and Genetics of Tumors of the Digestive System (10) and Histological Typing of Endocrine Tumors (11) .
Elastica van Gieson staining was performed in addition to hematoxylin and eosin staining for the evaluation of angioinvasion. Ten non-neoplastic colorectal mucosae attached to the resected tumors were also analyzed.
Immunohistochemistry. Deparaffinized 3-μm sections of the specimens were processed for the LSAB system (Dako Japan Co. Ltd., Kyoto, Japan) using the primary antibodies: claudin-2 monoclonal mouse (diluted 1:100; 12H12, Zymed Laboratories Inc., San Francisco, CA, USA), claudin-3 polyclonal rabbit (diluted 1:100; Zymed), claudin-4 monoclonal mouse (diluted 1:100; 3E2C1, Zymed), synaptophysin monoclonal mouse (diluted 1:200; 27G12, Novocastra Laboratories Ltd., Newcastle upon Tyne, UK), chromogranin A monoclonal mouse (diluted 1:50; LK2H10, Novocastra) and Ki-67 monoclonal mouse antibody (diluted 1:50; MM1, Novocastra). Antigen retrieval was conducted by 20 min of incubation in 0.01 M citrate buffer (pH 6.0) in a microwave oven at 500 W. The sections were then washed with 0.1 M phosphate-buffered saline (pH 7.4) and bathed in 3% H 2 O 2 in methanol for 20 min at room temperature to quench endogenous peroxidase activity. Subsequently, the primary antibodies were applied to the sections, and incubated overnight in a humidified chamber at 4˚C. After three washing steps in phosphate-buffered saline, sections were incubated with biotinylated secondary antibody for 20 min at room temperature and sequentially stained using a 0.1% peroxidase-conjugated streptavidin solution, according to the manufacturer's instructions. Sections were then incubated in 3,3'-diaminobenzidine tetrahydrochloride (DAB; Nichirei) for a few minutes and counterstained with hematoxylin. The localization of immunohistochemical stainings for claudins and other markers was carried out in the serial sections to determine whether any correlations could be established between the marker distributions in the tumor in this study.
Evaluation of immunoreactivity.
Immunohistochemical findings were verified by control studies. Negative controls consisted of slides run without the primary antibodies. Specificity of the immunoreactivity to individual antibodies was evaluated by inner and outer positive controls. Nonneoplastic colorectal mucosae within the tumor tissue slides were used as the inner positive controls for the immunoreactivity to claudins-3 and -4. Pancreatic ductal adenocarcinoma was used as the outer positive control for claudins-2 and -4, and pancreatic endocrine tumor was used as the outer positive control for claudin-3 (6). Non-neoplastic colorectal mucosal endocrine cells within the tumor tissue slides were used as the inner positive controls for synaptophysin and chromogranin A. Lymph node sections were used as the external positive control for Ki-67.
Immunoreactivity to claudins was scored semi-quantitatively according to the method of Borka et al (6) and Moldvay et al (9) . Ten randomly selected areas of each tissue slide were analyzed using high-power field (x400) in counting 100 cells per field. Immunoreactivity was evaluated by the percentage of cells staining positively. The values scored for semi-quantitative evaluation were: 0 (0-5% positive), 1 (6-20% positive), 2 (21-40% positive), 3 (41-60% positive), 4 (61-80% positive) and 5 (81-100% positive). Positive reactions were scored by membranous or cytoplasmic staining.
Immunoreactivity to synaptophysin and chromogranin A was scored as positive or negative. Ki-67 labeling indices were evaluated by counting the percentage of positive cells in 1,000 tumor cells.
Results
Clinicopathological features of well-differentiated endocrine neoplasms (carcinoid tumors).
A well-differentiated endocrine neoplasm (carcinoid tumor) is defined as a neoplasm of monomorphous endocrine cells showing mild or no atypia and growing as solid nests, trabeculae or pseudoglands (Fig. 1) . Our 16 cases were restricted to the mucosa or submucosa without angioinvasion, as evaluated by elastica van Gieson staining, and without metastases to the lymph nodes and other visceral organs, including the liver.
Claudin expression in normal colorectal mucosae. Claudin-2 expression was barely detectable or absent in the normal Table I . Clinical features and claudin expression of the rectal well-differentiated endocrine neoplasms (carcinoid tumors). 
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colorectal mucosae (Fig. 2A) . Claudins-3 and -4 were detected in the epithelial membranes ( Fig. 2B and C) .
Synaptophysin and chromogranin A expression and Ki-67 labeling indices in rectal well-differentiated endocrine neoplasms.
Synaptophysin was expressed in the rectal welldifferentiated endocrine neoplasms (16/16 cases). Chromogranin A was positive in 5 cases (5/16). Ki-67 labeling indices were <1% in the 16 cases.
Claudin expression in rectal well-differentiated endocrine neoplasms. Table I summarizes claudin expression in 16 rectal well-differentiated endocrine neoplasms. Claudin-2 was diffusely expressed in the cytoplasm of tumor cells in the 16 cases (mean score 5.00) (Fig. 3A) and no membranous staining was found. Claudins-3 and -4 displayed membranous immunoreactivity in the 16 cases (mean score 4.94 and 4.38, respectively) ( Fig. 3B and C) and no cytoplasmic staining was found. 
Discussion
Claudin expression varies considerably in individual endocrine tissues and neoplasms (6, 9) . Borka et al reported that normal pancreatic endocrine cells and tumors were positive for claudin-3, but negative for claudins-2 and -4 (6). Moldvay et al revealed that the vast majority of carcinoid tumors of the lung lacked immunoreactivity to claudins-2, -3 and -4 (mean immunoreactivity scores according to the same methods as our study: 1.15, 0.62 and 0.69, respectively). However, small cell carcinomas showed positive immunoreactivity to claudins-3 and -4 (mean 4.40 and 3.87, respectively), but claudin-2 was not expressed (mean 0) (9). Our immunohistochemical study showed that the rectal well-differentiated endocrine neoplasms showed positive immunoreactivity to claudins-2, -3 and -4 (mean 5.00, 4.94 and 4.38, respectively). These results reveal that claudin expression depends on the site of origin of endocrine tumors. In addition, synaptophysin was expressed in our 16 well-differentiated endocrine neoplasms, but chromogranin A was expressed only in 5 cases (5/16). These results are consistent with our previous studies (12,13) as regards the low incidence of chromogranin A expression in rectal well-differentiated endocrine neoplasms.
Claudin-2 is a TJ component in many tissues including the liver and kidney. It is considered to form ion-selective channels in the TJs of epithelial cells and to have an important role in the paracellular barrier function (14) . Claudin-2 is not expressed in the normal colorectal and gastric mucosae including intestinal metaplastic mucosae (15, 16) . However, a strong claudin-2 expression is observed in colorectal epithelia affected by active ulcerative colitis and Crohn's disease (15) . Song et al reported that the large population of the gastric intestinal type adenocarcinomas was strongly positive for claudin-2. They also stated that claudin-2 expression is closely correlated with gastric carcinogenesis (16) . Our immunohistochemical study revealed that claudin-2 was diffusely expressed in the cytoplasm of the rectal well-differentiated endocrine neoplasms and that the aberrant claudin-2 expression in rectal well-differentiated endocrine neoplasms may be related to their tumorigenesis as suggested for gastric intestinal type adenocarcinoma (16) .
Claudins-3 and -4 are TJ components, expressed in many normal organs and overexpressed in several carcinomas, including those of the breast, ovary, prostate and pancreas (3) (4) (5) 7) . Claudins-3 and -4 are receptors for the cytotoxic Clostridium perfringens enterotoxin (CPE) (17, 18) . CPE is known to injure intestinal epithelial cells by increasing membrane permeability leading to loss of osmotic equilibrium and subsequent cytolysis and cell death (19) . Interestingly, CPE has emerged as a molecular target in the therapy of malignant tumors, as it rapidly and specifically lyses cells expressing claudins-3 and -4. Thus, these molecules can be exploited for the treatment of tumors in which their consistent expression is known. Rectal well-differentiated endocrine neoplasms, which are the most common endocrine tumors in the gastrointestinal tract, have a relatively high incidence of lymph node and liver metastases despite their small-sized lesions (20) . To prevent unexpected metastases after local tumor resections, CPE therapy may be appropriate because our immunohistochemical study revealed claudins-3 and -4 were strongly expressed in the 16 rectal well-differentiated endocrine neoplasms.
Our provisional study revealed that claudins-3 and/or -4 were expressed in 4/5 cases of colorectal small cell carcinomas (poorly differentiated neuroendocrine carcinomas) (unpublished data). Small cell carcinoma is highly aggressive and has a high incidence of multiple metastases. Moreover, the strategy of CPE therapy appears to be applicable for its treatment in the future. However, since small cell carcinoma did not always have claudins-3 and/or -4 (4/5 cases) as shown in our preliminary study, further immunohistochemical analyses of claudins-3 and -4 will be needed before initiating a trial of CPE therapy.
Systemic toxicity presents an important problem for CPE therapy, because other sites, such as the normal gastrointestinal tract, lung and prostate also express claudins-3 and -4. Thus systemic delivery of CPE would result in significant toxicity such as immobility and loss of appetite (21) . However, a local delivery method was reported to be effective in treating xenografts of cancer cells in mice by Kominsky et al (4) . Further studies are needed for the practical application of CPE therapy for the treatment of carcinomas, including the neuroendocrine tumors.
